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hormones, chemical messengers that modify and coordinate the activ-
ities of cells. Proteins give bone and skin their tensile strength, and
they are involved in the transport and storage of essential molecules
within the body. Various proteins produce the movement of muscles,
provide immune protection as antibodies, generate and alter nerve
impulses, and control growth and differentiation. Clearly, to under-
stand the molecular machinery of the cell, it is necessary to understand
the construction and function of proteins.

The basic process by which the information encoded in the genes of
an organism's DNA directs the synthesis of proteins was worked out
during the 1950s and 1960s. (The books listed in the section Additional
Readings at the end of this chapter all describe this process.) But as late
as 1970, molecular biologists faced serious difficulties in trying to
investigate that process in specific organisms. They had no way of
directly manipulating the DNA within higher organisms to determine
the details of its structure or function. This problem was exacerbated
by the complexity of the DNA in higher organisms, which almost
guaranteed that progress would be arduous. "If we took the DNA from
a single set of chromosomes from a single human cell and laid it out, it
would be about one meter in length," explains Philip Leder of Harvard
Medical School. "If we could stretch that one meter into one kilometer,
a single gene would be represented in a millimeter's worth of DNA.
That demonstrates the enormous degree of complexity that is repre-
sented in the collection of genes from a higher organism."

The development that cut through this complexity was the discovery
of enzymes that could slice DNA in specific locations. With these
enzymes, researchers became able to isolate specific segments of DNA
and reinsert them into other segments of DNA. "By the application of
this technology, we can reduce this enormous complexity to relative
simplicity," says Leder. "We can reach in through these thousands and
thousands of genes and pick out the ones that we are interested in."

The basic technique of recombining DNA is now fairly well estab-
lished, although its application in the laboratory still entails consider-
able technical difficulties. First researchers isolate one or more seg-
ments of DNA from a living organism, or they chemically synthesize
small strands of DNA from its basic constituents. This DNA is usually
then spliced into the DNA of a vector, which is most often DNA from a
virus; small, independently replicating loops of DNA known as plas-
mids, which occur in most bacteria and yeast; or genetic combinations
of the two, known as cosmids. This genetically engineered vector is
introduced into a host cell, which can then reproduce the DNA many